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Abstract The porphyrias are a heterogeneous group of

metabolic diseases resulting from a variable catalytic defect

of one of the eight enzymes involved in the heme biosyn-

thesis pathway; they are mostly inherited diseases, but in

some circumstances the metabolic disturbance may be

acquired. The specific patterns of tissue overproduction (and

hence accumulation and excretion) of toxic heme precursors,

associated with each enzymatic deficiency, are responsible

for the characteristic biochemical and clinical features of

each of these diseases. Moreover, even in the presence of a

specific inherited enzymatic defect, many different envi-

ronmental factors (such as drugs, calorie restriction, hor-

mones, sunlight exposition, infections, etc.) often play a key

role in triggering the clinical expression of the various forms

of porphyrias. The porphyrias are often misdiagnosed dis-

eases, due their multiform clinical manifestations, able to

mimic many other more common diseases. For this reason,

many different specialists, such as surgeons, psychiatrists,

gastroenterologists, neurologists, emergency physicians and

dermatologists may be variably involved in the diagnostic

process, especially for the forms presenting with acute and

life-threatening clinical features. According to the clinical

features, the porphyrias can be classified into neuropsychi-

atric (characterized by neurovisceral crises involving auto-

nomic and central nervous system but also the liver and the

kidney with possible consequences in terms of neurological,

psychic, cardiac, respiratory, liver and kidney functions),

dermatological (mostly presenting with cutaneous lesions

due to photosensitivity), and mixed forms. From a strictly

clinical point of view, porphyrias presenting with neurovis-

ceral attacks are also referred as acute porphyrias: they are

the object of the present review. An accurate diagnosis of

acute porphyria requires knowledge and the use of correct

diagnostic tools, and it is mandatory to provide a more

appropriate therapeutic approach and prevent the use of

potentially unsafe drugs, able to severely precipitate these

diseases, especially in the presence of life-threatening

symptoms. To date, availability of a relatively stable haem

preparation (haem arginate) has significantly improved the

treatment outcome of acute porphyric attacks, so the

knowledge about the diagnosis and the management of these

diseases may be relevant for physicians working in internal

medicine, neurology and emergency units.
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Introduction

The term porphyrias refers to a heterogeneous group of

metabolic diseases resulting from a variable catalytic defect

of one of the seven enzymes involved in the haem biosyn-

thesis pathway (Fig. 1). The specific patterns of tissue

overproduction (and hence accumulation and excretion) of

toxic haem precursors, associated with each enzymatic

deficiency, are responsible for the characteristic biochemi-

cal and clinical features of each disease (Table 1) [1–3].

The porphyrias are mostly inherited diseases (Table 1),

mainly in an autosomal dominant manner (often with
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incomplete penetrance), even if autosomal recessive and

more complex patterns of inheritance are demonstrated [3].

In some circumstances (porphyria cutanea tarda, lead

poisoning), the metabolic disturbance may be acquired, as

an effect of factors able to induce a variably reversible

enzymatic inhibition [4]. Moreover, even in the presence of

a specific inherited enzymatic defect, many different

environmental factors (such as drugs, calorie restriction,

hormones, sunlight exposition, infections, etc.) often play a

key role in triggering the clinical expression of the various

forms of porphyrias [1, 3–6]. Similarly, the interaction with

other genes (‘‘modifying genes’’) has been demonstrated to

be crucial on influencing the variable penetrance of these

diseases [7, 8].

Although porphyrias are rare conditions, they have a

pan-ethnic diffusion with a widely variable prevalence

Fig. 1 Metabolic pathway of

heme biosynthesis

Table 1 The porphyrias: enzymatic defect, inheritance/triggering factors and prevalence of all different forms

Enzymatic defect Disease Inheritance/triggering factors (for inducible forms) Prevalence

ALA-dehydrase X-linked Microcytic Refractory

Anemia

Autosomal recessive (when heterozygous) 6 cases described

ALA-dehydrase deficit Porphyria

(Doss’ Porphyria)

Autosomal recessive (when homozygous)

Lead Poisoning (Plumboporphyria)

(PP)

Inducible by lead environmental exposition

PBG-deaminase Acute Intermittent Porphyria (AIP) Autosomal dominant (heterozygous) (variable penetrance) 1–2/10.000

UROgen III—

synthetase

Congenital Erythropietic Porphyria

(CEP) (Gunther’s Disease)

Autosomal recessive (when homozygous) Rare (about 200

cases described)

UROgen—

decarboxylase

Porphyria Cutanea Tarda (PCT) Autosomal recessive (when heterozygous)

Inducible by environmental poisoning (polyhalogenated

hydrocarbons, alcohol, iron accumulation)

Rare

Secondary to many different diseases and conditions

(paraneoplastic, hemodialysis)

Epato-Erythropoietic Porphyria (EEP) Autosomal recessive (when homozygous)

COPROgen-

oxidase

Hereditary Coproporphyria (HCP) Autosomal dominant (heterozygous) 0.1/10.000

PROTOgen-

oxidase

Variegate Porphyria (VP) Autosomal dominant or recessive* (heterozygous or

homozygous)

0.2/10.000

Ferrochelatase

(Heme-synthase)

Erythropoietic Protoporphyria (EPP) Undefined 0.1/10.000
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(0.5–10 per 100.000 in different populations) from country

to country and on the type of porphyria [3]. To date, no

data are available about their prevalence in Italy.

The porphyrias are often misdiagnosed diseases due to

their multiform clinical manifestations, able to mimic

many other diseases. For this reason, many different spe-

cialists, such as surgeons, psychiatrists, gastroenterologists,

neurologists, emergency physicians, or dermatologists,

may be variably involved in the diagnostic process, espe-

cially for the forms presenting with acute and life-threat-

ening symptoms (see below).

As clinical features alone are not sufficiently specific

either to confirm a diagnosis or to distinguish between the

different forms, a correct interpretation of the appropriate

biochemical tests is mandatory for accurately diagnosing

and managing these diseases [2, 9–12].

General classification of porphyrias

The seven main types of porphyrias (Table 1) are presently

classified as erythropoietic [congenital erythropoietic por-

phyria (CEP) and erythropoietic protoporphyria (EPP)] or

hepatic (all the other forms) in type, depending on the

primary organ in which excess production of porphyrins or

other precursors takes place [2, 3].

Erythropoietic porphyrias and three hepatic porphyrias,

namely, porphyria cutanea tarda (PCT), hereditary copro-

porphyria (HC) and variegate porphyria (VP) present

clinically with variable grade of cutaneous symptoms con-

sequent to photosensitivity due to accumulation of porphy-

rins, (which are highly photoactive molecules) in plasma and

skin. Four hepatic porphyrias, namely, acute intermittent

porphyria (AIP), hereditary coproporphyria (HCP), varie-

gate porphyria (VP) and the very rare ALA-dehydrase deficit

porphyria may present clinically with recurrent severe acute

neurovisceral crises, due to an accumulation in tissues and

plasma of non-porphyrin heme precursors [13].

According to these clinical features, the porphyrias can

also be broadly classified into neuropsychiatric (neurovis-

ceral crises), dermatological, and mixed forms. From a

strictly clinical point of view, porphyrias presenting with

neurovisceral attacks are also referred to as the acute

porphyrias [2, 3, 13] (Tables 1, 2). These forms will be the

object of the present review.

The acute porphyrias

Classification: four inherited and one acquired form

Four of the seven inherited varieties of porphyrias may

present clinically as recurrent attacks of neurovisceral

symptoms (neurovisceral crisis) and are collectively known

as ‘‘the acute porphyrias’’ [13, 14]. The most common of

these disorders is acute intermittent porphyria (AIP) [1],

with a worldwide prevalence within the range of 1 ± 10/

100.000 [3]. Acute attacks of AIP are clinically more

severe, even though they are formally indistinguishable

from those of the less common conditions: variegate por-

phyria (VP) [15] and hereditary coproporphyria (HC) [16],

and of the extremely rare homozygous ALAD-deficient

porphyria (ALAD-P) [17]. Quite similar acute clinical

manifestations may also be seen in lead poisoning (a con-

dition also referred as plumboporphyria), which can be

considered a classical example of an acquired disturbance

of haem synthesis (Table 1) [18]. Clinical and biochemical

features of the above-mentioned acute porphyrias are

summarized in Table 2.

Clinical features

The clinical syndrome of the acute porphyric attack

and its precipitant factors

The cardinal sign of an acute porphyria is the porphyric

attack, whose clinical features are greatly variable

(Table 3) even if other symptoms may occasionally occur,

the most common complaint is severe abdominal pain,

usually excruciating, mimicking an ‘‘acute abdomen’’ and

prompting immediate attention. It is generally accompa-

nied by nausea and vomiting, and by neurological and

psychiatric symptoms (ranging from depression and apathy

to extreme agitation or psychosis with hallucinations).

Back pain extending to or involving the proximal limbs is

also frequently present, together with signs of vegetative

dysfunction (hypertension with postural hypotension,

tachycardia and constipation) [1, 2, 13].

An acute attack may be preceded by a period of minor

behavioral changes such as anxiety, irritability, restlessness

and insomnia, and may proceed rapidly to symptoms of

severe autonomic and acute motor and sensory neuropathy.

Muscular weakness, particularly a proximal motor neu-

ropathy, is quite common. It can progress to general

paralysis leading to respiratory impairment and death from

cardiorespiratory arrest, resembling a Guillain-Barré

syndrome. Mild sensory changes frequently accompany the

predominantly motor neuropathy often in a ‘‘bathing

trunk’’ distribution [14].

Hyponatremia and hypomagnesemia may occur as a

result of dehydration, nephrotoxicity, or occasionally

inappropriate antidiuretic hormone secretion [19]. These

water/electrolyte disturbances may contribute to neuro-

logical and psychiatric symptoms of the porphyric acute

crisis.
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The extreme variability in the clinical picture of the

porphyric attack is the reason for its denomination of ‘‘little

imitator’’ (the great imitators being syphilis and hysteria)

[2, 20]; it is also the reason why many patients remain

frequently clinically ill-defined: descriptions of patients

subjected to abdominal surgeries without any pathological

finding, and of patients admitted to mental hospitals for

long periods due to inaccurate diagnosis are reported, as

well [20, 21].

The clinical manifestation of an acute porphyria is

extremely rare before puberty (except in ALAD-P, where

neurovisceral crises may arise early in the childhood) with

a peak age of presentation in the early 30s, and are four to

five times more common in women than in men [2, 3, 22].

The disease remains latent throughout life in some people,

(it has been estimated that only 10–15% of gene carriers

experience the clinical syndrome), even in the presence of

precipitating factors [23]. A third of patients have no

family history, such conditions probably having remained

latent or unidentified for several generations. The fre-

quency and severity of the attacks vary widely: some

people experience frequent and sometimes life-threatening

attacks, even in the apparent absence of exogenous pre-

cipitant factors [1].

In most cases an acute porphyric attack results from

having been triggered by some ‘‘porphyrinogenic chal-

lenge’’ (exogenous precipitating factors), such as a recent

Table 2 Clinical and biochemical features of acute porphyrias

Disease Clinical features Biochemical features

Acute Intermittent Low penetrance autosomal dominant Normal fecal porphyrins (COPRO and PROTO)

Porphyria No skin lesions Increased urinary levels of ALA and PBG

(PBG [ ALA) (higher during acute attacks)

Increased urinary porphyrins (URO and COPRO)

(in overt AIP)

Hereditary Low penetrance autosomal dominant Increased fecal porphyrins (COPRO [[ PROTO)

Coproporphyria Blister skin lesions during acute attacks and skin

fragility (about 30% patients)

Increased urinary levels of ALA and PBG

(PBG [ ALA) (higher during acute attack)

Increased urinary porphyrins (URO and COPRO)

Variegate Low penetrance autosomal dominant Increased fecal porphyrins (PROTO [ or �COPRO)

Porphyria Acute attacks (50% with blisters skin lesions) in

20–30% patients

Increased urinary levels of ALA and PBG

(PBG [ ALA) mostly only during acute attacks

Skin lesions only (blisters after sun exposure and

skin fragility) in 70–80% of patients

Increased urinary porphyrins (COPRO prevalence)

Plasma fluorescence (specific emission at wavelength

of 626-628 nm)

ALA dehydrase deficiency

Porphyria (Doss’ Porphyria)

Very rare autosomal recessive

Acute neurovisceral attacks, neuropathy, or both

No Skin lesions only

Normal fecal porphyrins

Increased urinary levels of ALA (ALA �PBG)

Increased urinary porphyrins (COPRO)

Plumboporphyria

(Lead poisoning)

Lead exposition (incidental, professional)

Features resembling ALA dehydrase deficiency

porphyria (see above)

Anemia

High level of lead in serum and urine

COPRO coproporphyrins, PROTO protoporphyrins, URO uroporphyrins, ALA d-Aminolevulinc Acid, PBG Porphobilinogen

Table 3 Frequency of signs and symptoms in acute porphyric attack

Sign/symptom %

Abdominal pain 95–97

Tachycardia 65–80

Dark Urine 70–75

Peripheral motor neuropathy 40–60

Constipation 46–52

Nausea, vomiting 48–85

Mental changes/psychosis 10–40

Hypertension (diastolic [ 85 mmHg) 38–64

Hyponatremia (\120 mEq/l) 25–35

Hypo/areflexia 20–30

Back pain 20–30

Sensory neuropathy 20–28

Hypotension 15–22

Seizures 10–20

Chest pain 8–15

Coma 2–10

Adapted from Kauppinen [1] and Elder et al. [13]
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introduction of a new drug, or changes in sex hormone bal-

ance (as during menses or hormonal therapies), local or

general anesthesia, sedative use (especially barbiturates),

alcohol misuse or consumption of illicit substances

(amphetamines, cocaine and derivatives), prolonged fasting

or attempts at weight reduction by diet restriction, current

mental or physical stress, or acute viral or bacterial infection.

Attacks may occur during pregnancy, when estrogen

concentrations are high, and the patient should be advised to

avoid pregnancy until remission has been present for at least

2 years; nevertheless in most cases pregnancy is symptom-

free. On the contrary, particular care should be taken at the

delivery and post-delivery periods: they represent important

precipitant factors (stress, blood losses, starvation, etc.) and

a high rate of porphyric attacks have been described

throughout. If acute attacks do occur during pregnancy or

during delivery or in the immediate post-delivery period,

they should be treated as is customary (see below) [24].

The diagnosis of an underlying porphyric condition

greatly depends on the awareness of the clinician of the

possibility of an acute porphyric state. The probability of the

disease being present may be significantly increased when

the patient can report that he/she is a member of a porphyria

kindred, or is actually a carrier of porphyria, in the best case

verified by a personal warning card, issued by the specialist

responsible for the diagnosis. This is the strategy applied by

the European associations of patients affected by porphyria,

and proposed by some European initiatives for protection of

these patients against unsuitable (and potentially dangerous)

medical management in emergencies [25].

The role of drugs in precipitating porphyric attacks, due

to their possible effect on haem metabolism (see below), is

well-established, so it is mandatory that any drug treatment

for a patient with porphyria is prescribed according to an

accurate reference to a drug list [13]. This is particularly

important in surgery, many anesthetics being well-known

powerful precipitant factor of acute attack [5]. Table 4

resumes the most commonly used drugs considered as

unsafe or potentially unsafe for patients affected by acute

porphyria. Complete lists of potentially safe and unsafe

drugs are continuously upgraded, and they are available on

the net, for example, at http://www.drugs-porphyria.org/

and http://www.porphyria-europe.com. Some drugs are

strictly forbidden, due to their association with great num-

ber of severe attacks, as it may be argued especially by the

structure of a former website (made by a collaborative

initiative of the Sweden and the Norwegian Porphyria

Centers); however, most drugs are considered only poten-

tially dangerous, and the majority of patients often tolerate

them. For this last group of drugs, a commonsense assess-

ment of benefit versus risk is needed: an acute attack is in

fact less likely to be precipitated in case of latent disease, or

if the patient has experienced only a single attack, or if the

concentrations of urinary metabolites (porphobilinogen,

and particularly aminolevulinic acid, see below) are within

the normal range at the time of the prescription [26].

Associated pathologic conditions

Different epidemiological studies have suggested a con-

nection among AIP, hypertension and renal disease.

Hypertension has often been described as well in HCP

and VP, but the incidence of renal involvement in these

conditions remains ill-defined. Treatment of hypertension

decreases the risk for renal damage in carriers of a gene for

acute porphyria; symptomatic patients should especially be

managed with a regular monitoring of blood pressure and

renal function [27].

A strong association between acute porphyria and

hepatocellular carcinoma (HCC) has also been described:

27% of individuals carrying the W198X mutation of the

PBG-D gene are reported to be affected by HCC in a

mortality study [28].

Pathophysiology

The pathophysiologic mechanisms underlying the clinical

features of acute porphyrias are still poorly understood:

the recent development of an animal model of gene

Table 4 Differential diagnosis of acute porphyrias

Diseases or pathological conditions mimicked by an acute porphyric

attack

Surgical conditions

Peritonitis and all forms of acute abdomen

Metabolic conditions

Ketoacidosis (diabetes, alcohol)

Acute hypoadrenalism (Addisonian crisis)

Acute hypoparathyroidism and hypocalcemic crisis

Neurological and psychiatric conditions

Guillain–Barrè syndrome

Acute psychotic attack

Acute panic attack

Epilepsy

Acute myopathies

Cardiovascular conditions

Hypertensive crisis

Hematological conditions

Acute hemolytic crisis

Acute drepanocytic crisis

Gastroenterological conditions

Acute gastroenteritis with vomiting

Toxic conditions

Lead poisoning
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knockout AIP will probably allow rapid progress in this

area [29]. Possible mechanisms include: (1) damage by

free radicals (not completely confirmed) [30], (2) direct

neurotoxicity of the accumulating porphyrin precursor

d-aminolevulinic acid (ALA) and (3) haem deficiency in

nervous tissue [31]. The biochemical landmark of the

porphyric acute attack is the significant accumulation of

non-porphyrin precursors d-aminolevulinic acid (ALA)

and porphobilinogen (PBG) in biological fluids, as a

consequence of massive excretion from the liver due to

induction of haem biosynthesis [2]. The haem synthesis is

effected by a sequence of enzymatic steps, as discussed

above (Fig. 1): the overall synthetic rate depends mostly

on the current activity of the first enzyme of the chain,

5-aminolevulinate synthetase (ALA-S) (a rate-limiting step).

Liver ALA-S activity is feedback-governed by the amount

of free haem present within the hepatocyte. A decrease of

this ‘‘regulatory’’ free haem pool gives rise to ALA-S

induction, and hence to an acceleration of haem biosyn-

thesis, as an effect of increased inflow of metabolites into

the pathway. A second rate-limiting enzymatic reaction is

the third step of haem synthesis [catalyzed by porphobi-

linogen deaminase (PBG-D)]. In contrast to ALA-S step,

which represents a variable control step for the synthetic

process, the constantly limited capacity of the PBG-D

step functions as an ‘‘inbuilt safety valve’’ against over-

production of toxic porphyrins down the synthetic chain.

In the acute porphyrias, the enzymatic activity of PBG-D

is significantly compromised: as a consequence of a

genetically determined deficiency in AIP; probably as an

inhibitory effect by porphyrins produced in surplus in VP

and HC. Restoration of normal porphyrin metabolism in

an AIP symptomatic patient (who thereafter became

attack-free) by liver transplantation, confirms the key role

of the liver as a source of non-porphyrin precursors in the

circulation [32]. Exogenous and endogenous factors able

to induce the activity of the rate-limiting enzyme (ALA-

S) (as in the case of drugs or pathological conditions

reducing the free haem pool) are thus known to trigger

porphyric manifestations. These may be consequent to

overproduction of toxic metabolites at the third, enzyme-

deficient step of the chain, but also to impaired production

of the end-product, haem. It has been demonstrated that

ALA is neurotoxic [33]. The blood-brain barrier protects

the brain from toxic agents, but certain areas—such as the

hypothalamus and limbic area—do not have such pro-

tection [14]. Moreover, circulating porphyrins and their

precursors can cause vascular injury, leading to impaired

permeability, and resulting in reversible focal edema in

the brain [14]. The autonomic and peripheral nervous

systems are especially vulnerable to this toxic action, due

to absence of a specific barrier protection. Vulnerability

of neurons to toxic reactions can vary among individuals,

and, therefore some patients are more prone to paresis

than others: some patients with acute porphyria have

constantly elevated levels of porphyrins and their pre-

cursors during the symptom-free phase, but even their

excretion level increases during an acute attack [23]. ALA

has also been suggested as a carcinogenic for the liver

[28]. ALA can cross the placenta and possibly cause

toxicity to the developing fetal brain [24].

Diagnosis

Biochemical assessment: a key role for diagnosis

in the acute phases and for the management of patients

When a patient known to be affected by acute porphyria

presents with symptoms of a possible acute attack, the

obvious question is whether those symptoms are due to its

disease: not all symptoms in porphyric patients are due to

porphyria; moreover, porphyric patients may be affected by

other diseases. The diagnostic problem is obviously even

more challenging in the case of a patient not known to have

porphyria, when the diagnostic explanation of a porphyric

crisis may not be thought of by the physician. Table 4

summarizes some of most common pathological condi-

tions whose differential diagnosis should include an acute

porphyria crisis.

In contrast to the ALAD deficiency porphyria, which

may start in early infancy, clinical symptoms of PAI, HC,

and VP almost never present before puberty [17]. HC and

VP also belong to the group of cutaneous porphyrias: in

these cases, skin fragility and bullous eruptions may be

important (and often the sole) presenting symptoms. Even

though AIP may be characterized with more frequent and

severe neurovisceral symptoms, the acute neurological

presentation does not differ qualitatively among the dif-

ferent forms of acute porphyria, including lead poisoning

[13, 14, 16].

Clinical features alone are not sufficiently specific either

to confirm a diagnosis or to differentiate between the var-

ious forms of acute porphyria, so a prompt (in acute phase

of disease) assessment and interpretation of the appropriate

laboratory biochemical tests (i.e. determination and quan-

tification of porphyrin and non-porphyrin precursor pat-

terns in biological samples) is mandatory for an accurate

diagnosis, and a successful management of these diseases

[2, 9–12].

An acute attack of porphyria is invariably associated

with an increase of urinary excretion of non-porphyrin

precursor [aminolevulinic acid (ALA) and porphobilino-

gen (PBG)]. So, in the evaluation of a patient suspected to

have an acute porphyric attack, a fresh, light-protected

urine sample should be sent to a specialist laboratory for

adequate assessment of ALA and PBG concentrations
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(to date, HPLC assays are the most accurate, but rapid,

column-chromatographic screening tests are available)

[13, 34]. A diagnostic clue may be provided by urine

darkening (red tint, varying from port to diluted straw-

berry sap) on standing, as an effect of PBG polymeriza-

tion to porphyrins and other pigments (such an effect

being typically enhanced by sunlight exposure). The

Watson-Schwartz test may be used as a simple assay to

test the presence of elevated urinary PBG levels (and

probably a simplified kit, suitable for ‘‘bedside’’ assess-

ment, will be made soon available). This test may be

considered a ‘‘first-line’’ guide to confirm (or rule-out) a

suspicion of AIP, PV and CP diagnosis (all characterized

by PBG urinary increase, especially during the acute

attack), whereas it is not suitable for ALA-D porphyria or

plumboporphyria (both characterized by only ALA uri-

nary increase).

Between attacks, however, urinary concentrations of

these precursors (PBG, and particularly ALA) may return

to a normal level, making more difficult an accurate

diagnosis when the patient is between the acute crises. A

typical plasma red fluorescence under UV light (at

Table 5 Unsafe drugs for acute porphyrias of most common use

Class Use only with extreme caution Avoid

Anesthetic, sedative and hypnotic drugs Ketamine Ethomidate

Lidocaine and Rupivacaine Thiopentale

Chlordiazepoxide and most of BZD

(Flunitrazepam, alprazolam, nitrazepam,

temazapam, triazolam)

Pentazocine

Barbiturates

Analgesic drugs and FANS Diclofenac Phenilbutazone

Antibiotics Lincosamides Cloramphenicole

Metronidazole Erythromycine

Tetracyclines Nitrofurantoine

Sulfonamides

Isoniazide

Diuretics Indapamyde

Metholazone

Anti-hypertensive and cardiologic drugs Calcium-antagonists (dihydropyridine

derivatives)

Methyldopa

Hydralazine

Lipid-lowering drugs Fluvastatine, pravastatine e simvastatine

Anti-ulcer and anti-emetic drugs Esomeprazole andomeprazole Dimenidrinate

Antidepressive drugs Amitriptyline e Nortriptyline

Fluvoxamine, paroxetine e sertraline

Nefazodone and trazodone

Antihepylectic drugs Ethosuccimide Valproic acid

Felbamate Carbamazepine

Topiramate Phenytoin

Phenobarbital

Primidone, meprobamate

Vigabatrine

Miscellanea Clorpropamide Tolbutamide

Androgens (synthetic) Ketoconazole and Miconazole

Oral contraceptives Gryseofulvin

Theophylline

Complete lists of potentially safe and unsafe drugs are continuously upgraded and they are available on the net, e.g., at

http://www.drugs-porphyria.org/ and http://www.porphyria-europe.com. Some drugs are strictly forbidden, due to their association with great

number of severe attacks; however most drugs are considered potentially dangerous and most patients tolerate them. For this last group of drugs,

a commonsense assessment of benefit versus risk is needed. Before administrating any kind of drug to a patient with porphyria, think twice and

consult a complete list of safe and unsafe drugs!!
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626 ± 628 nm) is usually present in VP, and it also is a

valuable fluorometric diagnostic tool for family studies

[35].

AIP, VP, and HC may be differentiated by analysis of

fecal porphyrin patterns (Table 2). The diagnosis of AIP

can be further confirmed by the demonstration of reduced

red cell activity of porphobilinogen-deaminase (a value

\35–40% out of the normal range is considered highly

suggestive of AIP); in some cases it is the sole liver

enzyme deficient, making it necessary to perform enzy-

matic studies on liver biopsy samples [36]. Lead intoxi-

cation and the extremely rare ALA-dehydrase (ALA-D)

deficiency porphyria, are both due to a significant decrease

in activity of ALA-D (and an increase in ALA-S activity),

with consequent massive increase of urinary ALA in the

presence of normal levels of PBG. Both conditions are also

characterized by a significant increase in urinary excretion

of coproporphyrin III, and increased levels of erythrocyte

zinc protoporphyrin. The decreased activity of ALA-D can

be restored by thiols and zinc ions in lead intoxication, but

not in ALA-D deficiency porphyria, [37]. Moreover,

patients usually present with sideroblastic anemia [3].

Isolated ALA urinary increase may arise also from oral

ALA ingestion, as in the cases of systemic ALA loading,

used during the photodynamic localization and treatment of

a variety of malignant lesions.

The diagnostic interpretation of these tests is easier

during the symptomatic phase (acute crisis) of the disease;

in contrast, during remission the tests may partially lose

their diagnostic specificity and sensitivity, making more

difficult the diagnosis in absence of a specialist’s evalua-

tion and specific genetic tests [38]. Nevertheless, bio-

chemical methods still remain indispensable to monitor the

level of activity of the disorder, and to evaluate the risk of

development of the organ diseases (liver and kidney),

associated with porphyria [11].

Genetic assessment: a key role in diagnosis confirmation,

screening and family studies

With the availability of tools for genetic assessment, DNA

analysis and carrier detection has become rapid and reliable

in almost every case. Besides the diagnostic confirmation

for symptomatic patients and the evaluation of the associ-

ation between genotype and phenotype (i.e. the clinical

significance of each single gene mutation), genetic

assessment has a key role in family studies (identification

of asymptomatic carriers in kindred): asymptomatic carri-

ers may remain completely undiagnosed in absence of

genetic screening, due to the low clinical penetrance of the

genetic defect (even \25% for AIP), as mentioned above

[9, 38, 39]. The risk of developing potentially acute and

life-threatening fatal attacks even in these asymptomatic

carriers if exposed to possible precipitating factors

(including certain medical treatments or causing unneces-

sary surgical procedures) makes it essential to exclude or

confirm the diagnosis of porphyria in all relatives, when-

ever it has been diagnosed in any family member. Every

gene carrier should be informed as soon about the nature of

the disorder, and counseled with regard to exposures to

avoid, the measures to take if symptoms should appear, and

about the probabilities of propagating potential dangerous

mutations in new generations.

Thus genetic analysis has an essential role. Nevertheless

it still remains difficult due to the high number and the high

variability in type of possible gene mutations; [in AIP, for

example, to date, over 200 mutations including deletions,

insertions, missense, nonsense, and splicing mutations have

been identified, and most of these mutations resulted from

family-specific analysis] and need to be undertaken by

expert laboratories (cfr. http://www.porphyria-europe.com)

[40]. To date, the exact locations for all genes responsible

for the acute porphyrias have been identified, and a rapid

growing knowledge in this area is expected [39].

Therapy

Management of acute attacks

Patients with an acute attack, usually require admission to

the hospital in order to initiate prompt specific as well as

symptomatic treatments. About 1–2% of acute attacks of

porphyria may be fatal (especially as a consequence of

respiratory failure, due to acute neuromuscular involve-

ment). One must pay particular attention to potential signs

of progressive neuropathy, and if there are any signs of

respiratory failure, then aggressively manage the airway.

Monitoring of electrolyte balance (for hyponatremia) and

renal function must be started as well. During an acute

attack only drugs known to be safe in porphyria should be

prescribed, and the monitoring of urinary ALA and PBG

should be started promptly. A significant rise in their uri-

nary concentrations might in fact suggest a porphyrino-

genic action of a drug in use [13, 26, 41]. Identification and

elimination of any possible precipitating factor is manda-

tory: as mentioned above, an acute attack is often precip-

itated by several factors simultaneously, and no individual

guidelines can be given for the use of a single drug [1, 42].

The specific treatment for acute porphyria should be

started as soon as possible in order to prevent the possible

neurological progression of the crisis, hopefully allowing

for a quick remission, and shortening of the hospital stay

[1, 41]. At present, glucose and haem arginate adminis-

tration represent the mainstays of treatment [41]. They both

reduce synthesis of ALA, resulting in clinical and bio-

chemical remission, with urinary excretion of ALA and
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PBG reducing towards a normal range. Glucose solution

(up to 2000 cc 20%/die intravenously) should be used in

case of mild attacks, and pending administration of haem

arginate (but one must be careful of sodium balance!!).

According to recent evidence, glucose (such as a good

general nutritional status) reduces ALA-S activity and

consequently the levels of non-porphyrin precursors by

decreasing cell expression of PGC-1 alpha, an important

inductor of liver ALA-S [43]. This probably is the reason

why starvation represents a well-known precipitant of

acute attacks. Therefore it must be prevented and promptly

treated: when the patient is vomiting or unable to eat,

parenteral nutrition containing a high percentage of glucose

is mandatory.

Haem arginate (Normosang�, Orphan Europe, Paris,

France) should be administered as soon as possible in case

of an acute attack because its ability to reverse an estab-

lished neuropathy is controversial. It has to be given at a

dose of 3 mg/kg/day over 15 min for 3–4 consecutive days

by slow intravenous infusion. It acts rapidly (within

1–3 days), and the effect lasts for a week, enough to

abolish all acute symptoms. The drug is rather expensive,

but it may be available on an urgent need basis from the

manufacturing drug company. Haem preparations can

cause thrombophlebitis, coagulopathy, and anaphylactic

reactions, so they should be administered by a central

venous line under careful control; a line washout by saline

soon after the drug infusion is advisable [41]. No signifi-

cant accumulation of iron or haem after several infusions

has been reported; nevertheless the monitoring of iron

parameters (serum ferritin and transferrin saturation) is

advisable in patients undergoing repeated and prolonged

infusion. Haem arginate has been used successfully during

pregnancy.

Recently, tin protoporphyrin, an inhibitor of haem

oxygenase, has been observed to prolong remission when

administered together with haem arginate; however, its side

effects (cutaneous photosensitivity) and potential toxicity

prevent its current use, and further confirmation studies are

needed [44].

Acute attacks often require symptomatic treatment for

hypertension, pain, and seizures (Table 3). Opiates are

safe in case of severe pain: pethidine, morphine, or di-

amorphine are the most often used. Their use should be

restricted to the acute phase, and stopped as soon as

possible in order to prevent possible and frequently

observed drug addiction.

Chlorpromazine may be helpful to favor relaxation and

sleep. Propranolol is the first choice for the treatment of

symptoms due to sympathetic overstimulation (tachycardia

and hypertension).

During an acute attack, seizures are rare, but possible:

they usually resolve as the attack subsides. They may be

precipitated by hyponatremia, so plasma osmolarity and

electrolyte balance should always be checked. In case of

hyponatremia, fluid restriction should be prescribed [3, 41].

Rarely, seizures may be the only presenting symptom of

AIP. In this case, the treatment should be aimed at the

underlying disease, but it is difficult because the most

commonly used anticonvulsant drugs are porphyrogenic,

and may lead to further exacerbations of the disease. His-

torically, bromides have been considered as the drug of

choice for the control of seizures in patients with acute

porphyria. However, more recently, gabapentin and vig-

abatrine have produced safe and successful seizure control,

and are considered at the present as the treatment of choice

for these patients [45].

A small number of patients (mainly women) have

recurrent and severe attacks with or without apparent

precipitants (often menses-related). Induction of meno-

pause by administration of luteinizing hormone releasing

hormone agonists has been demonstrated to be successful

or at least useful in these situations [46]. Table 6 sum-

marizes the key points for the treatment of acute por-

phyric attack.

In lead poisoning (plumboporhyria) lead chelation is

recommended with oral meso-2,3-dimercaptosuccinic acid

(DMSA) in case of mild intoxication (few symptoms and

blood lead levels not exceeding 45 lg/dl); in the presence

of severe acute toxicity (blood lead levels [60–80 lg/dl)

with significant signs and symptoms (anemia, demyelin-

ating peripheral neuropathy, hypertension, interstitial

nephritis with renal impairment, acute encephalopathy with

convulsions and coma), hospitalization and chelation with

edentate calcium disodium (CaEDTA) (via EV or IM) is

required, with the addition of dimercaprol to prevent

worsening of encephalopathy. Vitamin C is a weak, but

natural, lead chelating agent [47].

Prevention of attacks

The above-mentioned precipitating factors (especially

alcohol, smoking, and unsafe drugs) should be avoided, as

should sudden or prolonged calorie restrictions (low-

caloric diets). Patients should get a Medic Alert docu-

ment, and should be fully informed regarding possible

precipitating factors (especially drugs and anesthesia

preparation). Prophylactic haem arginate administration

on a regular basis for symptomatic patients, (that is

patients with history of porphyric attacks) or for asymp-

tomatic patients ‘‘at risk’’ (i.e. with high value of urinary

non-porphyrin precursors but no history of porphyric

attacks) has been proposed, nevertheless, at the present,

specific guide-lines or expert consensus (indications for

the timing and the dose to use, as well for the end-point

to reach) are still lacking.
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Monitoring of associated pathologic conditions

The prognosis of untreated HCC is poor, but early diag-

nosis coupled with a range of therapeutic options can

improve the outcome. It has been observed that the

development of a hepatic tumor may be accompanied by

increased excretion of porphyrin precursors, or the

recurrence of porphyric symptoms that have been absent

for several years. The mechanisms by which a process in

the liver makes its presence known in an erythrocyte

function are obscure, but nevertheless the analysis should

be used as a complement to the routine ultrasound

investigation of the liver in the yearly hepatocellular

carcinoma control recommended for AIP patients above

middle age [28].

Forthcoming therapeutical perspectives: is this the future?

Liver transplantation has been proposed as treatment for

patients with repeated life-threatening acute attacks

resulting in a poor quality of life, requirement of ventila-

tory support, or a progressive loss of venous access due to

hemin infusion. To date, two cases of liver transplantation

for AIP have been described: one was completely suc-

cessful (complete normalization of ALA and PBG values

and no recurrence of symptoms) [32, 48]. Similar single

observations are available for liver transplantation in PV,

and renal transplantation for a severe renal impairment in

one patient with AIP. All these data proffer some hope of

cure for selected patients with severe forms of these dis-

eases. To date, other therapeutic approaches, such as the

infusion of recombinant porphobilinogen deaminase [49]

or gene therapy have to be considered as experimental [29];

the latter approach has showed very good results in animal

models of AIP, especially after the recent optimization of

gene vectors [50].

Conclusions

The acute porphyrias are rare diseases. Nevertheless, their

diagnosis is important, and should be considered within

the diagnostic process in many different fields of medi-

cine owing to the extreme variability in the presentation

of their clinical pictures. An accurate diagnosis requires

knowledge and use of the correct diagnostic tools, and it

is mandatory to provide optimal therapy, and to prevent

the use of unsafe drugs, potentially able to severely

precipitate these diseases, especially in the presence of

life-threatening symptoms. To date, the availability of a

relatively stable haem preparation (haem arginate) has

significantly improved the treatment outcome of acute

porphyric attacks.

The correct identification of patients mandates an

in-depth study of their relatives (by means of molecular

biology methods), in order to identify other gene carriers

prone to porphyric manifestations, who should be informed

about their potential risk if exposed to potential precipitant

factors.

Conflict of interest statement The authors declare that they have

no conflict of interest related to the publication of this manuscript.

Table 6 Clinical management of porphyric acute attack

General Measures

Hospital admission

Monitoring of life parameters and biochemical parameters

(urinary ALA and PBG, LFT, U&E, blood parameters)

Monitoring of cardiorespiratory function and neurological

involvement

Search, control and elimination of all possible precipitant factors:

Drugsa

Fasting

Alcohol and substance (amphetamine, cocaine, ecstasy,

marijuana) misuse

Infections

Acute stress conditions (emotional/physical) or cyclic factors

(menses)

Specific treatment

Restoration of metabolic control (reduction/normalization of ALA/

PBG blood levels)

Hypertonic glucose infusion (glucose solution 20%, 2,000 ml/

24 h subdivided in 500 ml every 6 h) (be careful of

hyponatremia!)

Heme-Arginate (Normosang�) infusion at 3–4 mg/kg/die for

3–5 days [infusion in 250 ml of saline solution; infusion should

be fast (15 min); heme solution should be infused sunlight-

protected; after infusion line wash-out by saline infusion is

advisable in order to prevent phlebitis; for the same reason use

of large line is advisable]

Treatment of complications

Pain

Salicilate, codeine, paracetamol (usually ineffective)

NSAIDs

Opiates (morphine, pethidine) (use for short time; be careful of

possible addiction)

Chlorpromazine or promazine (may be useful in reducing the

dosage of other analgesics)

Hypertension and/or tachycardias

Beta-blockers (propranolol or atenolol)

Seizures

Diazepam (Lorazepam), Gabapentin

Respiratory failure

Assisted/mechanical ventilation

a See Table 5
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